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1. 



(Currently Amended) A cooling system comprising: 



a cooling tube assembly for transferring heat from at least one electrical coil via a 
coolant traveling through the cooling tube assembly; 

a heat exchanger for receiving the coolant from the cooling tube assembly and 
removing heat there from, the heat exchanger having a chiller to drive the coolant to a desired 
temperature; 



assembly at a flow rate; 

an enclosure having the cooling tube assembly therein and having an internal 
dew point less than that of a surrounding atmosphere; and 

a control system feat- configured to receives feedback indicative of operating 
conditions of the electrical coil and in response thereto, provides control signals to the chiller to 
dynamically adjust coolant temperature-: , and configured to provide control signals to the coolant 
pump to adjust the flow rate to further adjust coolant iemper uSu re. 

2. (Original) The cooling system of claim 1 further comprising a humidity removal 
device connected to the enclosure for removing humidity therefrom and maintaining the 
enclosure under a negati ve pressure. 

3. (Original) The cooling system of claim 2 incorporated into nnMKI scanner to 
control temperatures within a resonance module, on a patient bore surface^ and on a warm bore 
surface adjacent to a magnet enclosure. 



. a variable .rate cool ant pump configu red to pump co o lant uM.he cooling tube 
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4. (Original) The cooling system of claim 2 wherein the humidity removal device 
includes: 

a vacuum pump for removing humidity from the enclosure; 
a pressure sensor for monitoring internal pressure in the enclosure; and 
a control for monitoring the internal pressure in the enclosure and controlling the 
vacuum pump in response thereto. 



5. (Original) Hie cooling system of claim 1 wherein the control system further 
comprises: 

a temperature sensor to sense temperature of the electrical coil; 

a humidity sensor to sense humidity within the enclosure; and 

a computer to control the internal dew point in the enclosure in response to the 

humidity sensed and to control the electrical coil temperature in response to the sensed electrical 

coil temperature. 



6. (Original) The cooling system of claim 5 wherein the computer controls the 
electrical coil temperature by dynamically adjusting the coolant temperature out of the chiller to 
maintain a relatively constant electrical coil temperature, 

7. (Original) The cooling system of claim 4 further comprising a feedback control 
loop for maintaining a steady electrical coil temperature by dynamically adjusting coolant 
temperature through the cooling tube assembly in response to electrical coil temperature, and 
when the electrical coil temperature exceeds a given temperature, adjusting the coolant 
temperature below an ambient dew point temperature if necessary. 
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8. Cancelled 

9. (Original) The cooling system of claim 3 wherein the control system is 
connected u> sound an alarm or display a warning message and disable the electrical coils in 
response to an anomalous condition. 

10. (Currently Amended) A cooling system for an MRI device comprising: 

a set of coolant tubes in thermal contact with a set of gradient coils of the MR 
device and having a coolant pass therethrough; 

a heat exchanger connected to the set of coolant tubes to remove heat from the 

coolant; 

a vacuum chamber enclosing the set of coolant tubes; 

at least one temperature sensor in thermal contact to sense temperature of the MR 

device; tmd 

a coolant flow control v alve configured to regulate coo lant flow through the set 

of coolant tubes: an d 

a controller connected to receive temperature indicative signals from the 
temperature sensor and regulate the coo lant flow control, valve to adjust. coplaiitllowjii the 
cooling, system to control coolant temperature in response 1 hereto . 

1 1 < (Original) The cooling system of claim 1 0 further comprising: 

a humidity sensor positioned to sense humidity in the vacuum chamber; and 
wherein the controller is connected to receive humidity indicative signals and 
limit power to the MRI device if (he humidity in the vacuum chamber exceeds a dew point level. 



12. (Original) The cooling system of claim 10 further comprising: 



PAGE 7/19* RCVD AT 12114/2004 6:14:09 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-1/1 * DNIS:8729306 ' CSID:12623762994* DURATION (mm-ss):04-14 



F , BtiT AVAILABLE COPY s , 0l)6 ... 

Emenc et al. S/N 09/02? 1 Ao t 



a vacuum pump connected to the vacuum chamber; 

at least one pressure sensor connected to sense pressure within ihe vacuum 

chamber: and 

wherein the controller is connected to receive indicative pressure signals from the 
pressure sensor and in response thereto, control a vacuum pump to maintain a vacuum within the 
vacuum chamber. 



13. Cancelled. 

14. (Original) The cooling system of claim 10 having a first temperature sensor in 
thermal contact with a patient bore surface of the MR1 device, a second temperature sensor in 
thermal contact with a resonance module, and a third temperature sensor in thermal contact with 
an outer bore surface, each temperature sensor connected to transmit temperature indicative 
signals to the controller such that the controller maintains temperatures for each sensor. 



1 5. (Original) The cooling system of claim 1 0 further comprising a feedback loop to 
lower coolant temperature in response to an increase in gradient coil temperature. 

16. (Original) The cooling system of claim 15 wherein the feedback loop and the 
temperature controller maintain the gradient coil temperature constant regardless of variations in 
power to the gradient coils. 



17. (Original) An MRI apparatus comprising: 

a magnetic resonance imaging (IvfRI) system having a plurality of gradient coils 
positioned about a bore of a magnet to impress a polarizing magnetic field and an Rf transceiver 
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system and an RF switch controlled by a pulse module to transmit RF signals to an RF coil 

♦ 

assembly to acquire MR images; and 

a cooling system having: 

a temperature sensor positioned lo sense an indication of gradient uoii 
temperature; 

a set of coolant tubes having a coolant pass therethrough and in therm a! 
contact with the gradient coils of the MR system; 

a heat exchanger connected to the coolant tubes to remove heat from the 

coolant; 

a vacuum chamber enclosing the coolant tubes; 

a vacuum pump connected to the vacuum chamber; 

at least one pressure sensor connected to sense pressure within the 
vacuum chamber; and 

a control connected to receive signals from the pressure sensor and send 
signals to the vacuum pump to control and maintain a vacuum within the vacuum 
chamber, and connected to receive signals from the temperature sensor and 
control a coolant temperature in response, thereby maintaining a steady gradient 
coil temperature in and around the vacuum chamber. 

1 #. (Original) The MRI apparatus of claim 1 7 lurther comprising: 

a set of coolant supply/return lines having thermal insulation thereover and 

connecting the heat exchanger to the set of coolant tubes; 

a humidity sensor positioned to sense humidity in the vacuum chamber and 

connected to the control, the control programmed to limit power to the gradient coils if the sensed 

humidity in the vacuum chamber exceeds a dew point. 
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1 9. (Original) The MRJ apparatus of claim I 7 further comprising a first temperature 
sensor in thermal contact with a patient bore surface of the MRI system, a second temperature 
sensor in thermal contact with a resonance module, and a third temperature sensor in thermal 
contact with an outer bore surface. 

20. (Original) The MRI apparatus of claim 1 7 further comprising a coolant flow 
control valve connected to receive control signals from the control to adjust coolant How control 
to the coolant, system. 

21 . (Currently Amended) A method of cooling an MRI comprising the steps of: 



creating a sealed enclosure about a set of gradient coils; 



removing moisture from the sealed enclosure; 



recirculating a coolant through a series of cooling tubes in the scaled enclosure 



and through a heat exchanger; 



monitoring an indication of gradient coil temperature during MR operation;-****! 



adjusting a temperature of the coolant in response to the indication of gradient 



coil temperature:; 



monitorin g an indic ation of internal pressure in t he sealed enclosure; and 



adjusting sin inicrnal procure in the scaled enclosure, in response tojthe indication 



of internal pressure, in the sealed enclosure. 



22. 



(Original) The method of claim 21 farther comprising the steps of: 



providing the indication of gradient coil temperature feedback in real-time; and 
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lowering coolant temperature below an ambient dew point if necessary to allow 
higher power levels to the gradient coils. 

23. (Original) The method of claim 22 further comprising the steps of: 
monitoring a humidity level in the sealed enclosure; and 

limiting power to the gradient coils if the coolant level needed would create 
condensation in the sealed enclosure based on the humidity level monitored. 

24. (Original) The method of claim 21 wherein the step of removing moisture is 
per formed by creating a vacuum in the sealed enclosure. 



25. (Currently Amended) A coolant control system kit adaptable to an MR device 
comprising: 

a humidity sensor positioned to sense humidity in a resonance module; 

at least one temperature sensor in thermal contact to sense temperature of a 
portion of the MR device;-t»wi 

a controller connected to receive temperature indicative signals from the 
temperature sensor and control coolant llow t cmponituro in response thereto. 

26. (Original) The coolant control system kit of claim 25 wherein the ai least one 
temperature .sensor includes a first temperature sensor in thermal contacL with a patient bore 
surface of the MR1 device, a second temperature sensor in thermal contact with a resonance 
module, and a third temperature sensor in thermal contact with an outer bore surface, each 
temperature sensor connected to transmit temperature indicative signals to the controller such that 
the controller maintains temperatures for each sensor within a given range. 
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27. (Original) The coolant control system kit of claim 25 wherein a humidity sensor 
is positioned to sense humidity in the vacuum chamber, and wherein the controller is connected to 
receive humidity indicative signals and limit power to the MRI device if the humidity in die 
vacuum chamber exceeds a dew point level. 

28. (Currently Amended) An MR eooling system comprising: 

means for transferring heat from at least one electrical coil via a coolant traveling 

therethrough; 

means for receiving the coolant from the means for transferring heat and 
removing therefrom; 

* 

an enclosure having the menn$ for transferring heat therein and having an internal 
dew point less than that of a surrounding atmosphere; and 

a control means for receiving feedback indicative of operating conditions of the 
electrical coil and in response thereto, dynamically adjusting coolant temperature^noJW 
r eceiving feedback indicative of internal pressur e in the e nclosure and in respo nse thereto, 
dynamically adjusting in ternal press ure in the enclosure . 

29. (Original) The MR cooling system of claim 28 further comprising; 
a means for removing humidity from the enclosure; 

a pressure sensor means for monitoring internal pressure in the enclosure; and 
a control means for monitoring the internal pressure in the enclosure and 
controlling the means for removing humidity in response thereto. 

30. (Original) The MR cooling system of claim 28 further comprising: 
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a means for sensing temperature of the electrical coil; 
a means for sensing humidity within the enclosure; and 

a means for controlling the internal dew point in the enclosure in response to the 
humidity sensed and for controlling the electrical coii temperature in response to the sensed 
electrical coil temperature. 
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